doscopic transnasal and transcervical approaches have gained wider acceptance, given the optimized illumination of the craniocervical junction that can be achieved through endoscopy. 27, 40 This approach allows for improved visualization of this anatomically distant surgical field, and more accurate and early recognition of vital neurovascular structures, surgical borders, and lesion margins. The advent of image-guided intraoperative navigation of the cervical spine allows accurate localization of anatomical structures during endoscopic craniocervical junction surgery. This is especially critical for endoscopic spine surgery where the endoscope offers a 2D view and manipulations by the surgeon are performed at a 10-to 14-cm distance from the skull base site of inExperience with intraoperative navigation and imaging during endoscopic transnasal spinal approaches to the foramen magnum and odontoid Omar ChOudhri, m.d., 1 Object. In this study the authors share their experience using intraoperative spinal navigation and imaging for endoscopic transnasal approaches to the odontoid in 5 patients undergoing C1-2 surgery for basilar invagination at Stanford Hospital and Clinics from 2010 to 2013.
Methods. Of these 5 patients undergoing C1-2 surgery for basilar invagination, 4 underwent a 2-tiered anterior C1-2 resection with posterior occipitocervical fusion during a first stage surgery, followed by endoscopic endonasal odontoidectomy in a separate setting. Intraoperative stereotactic navigation was performed using a surgical navigation system in all cases. Navigation accuracy, characterized as target registration error, ranged between 0.8 mm and 2 mm, with an average of 1.2 mm. Intraoperative imaging using a CT scanner was also performed in 2 patients.
Results. Endoscopic decompression of the brainstem was achieved in all patients, and no intraoperative complications were encountered. All patients were extubated within 24 hours after surgery and were able to swallow within 48 hours. After appropriate initial reconstruction of the defect at the craniocervical junction, no postoperative CSF leakage, arterial injury, or need for reoperation was encountered; 1 patient developed mild postoperative velopharyngeal insufficiency that resolved by the 6-month follow-up evaluation. There were no deaths and no patients required tracheostomy placement. The average inpatient stay after surgery varied between 72 and 96 hours, without extended intensive care unit stays for any patient.
Conclusions. Technologies such as intraoperative CT scanning and merged MRI/CT can provide the surgeon with detailed, virtual real-time information about the extent of complex endoscopic vertebral segment resection and brainstem decompression and lessens the prospect of revision or secondary procedures in this challenging surgical corridor. Moreover, patients experience limited morbidity and can tolerate early oral intake after transnasal endoscopic odontoidectomy. Essential to the successful undertaking of these endoscopic adventures is 1) an understanding of the endoscopic nasal, skull base, and neurovascular anatomy; 2) advanced and extended-length instrumentation including navigation; and 3) a team approach between experienced rhinologists and spine surgeons comfortable with endoscopic skull base techniques (http://thejns.org/doi/abs/10.3171/2014. 1.FOCUS13533) key WOrdS • basilar invagination • craniocervical junction • dens • endoscopic transnasal surgery • intraoperative image-guided navigation terest. The "intraoperative GPS" provided by navigation for the anterior cervical spine therefore serves as a crucial localization and topographical confirmation tool during these advanced surgical procedures.
Occipitocervical and atlantooccipital joints allow head flexion-extension and head turning, respectively. Significant displacement occurs at these joints from both skin and soft-tissue traction at the neck. Due to the extent of intersegmental movements at the craniocervical junction and lack of superficial bone structures, accurate intraoperative navigation can provide a notable challenge. Improved navigation systems and instrumentation allow reliable navigation at the skull base and craniovertebral junction. Additionally, intraoperative imaging with CT, navigated fluoroscopy, and intraoperative MRI now make endonasal craniocervical surgery a more safe and measured procedure. In this case series, we share our experience using intraoperative spinal navigation and imaging with an endoscopic transnasal approach to the odontoid.
Methods

Study Population
We retrospectively evaluated all patients undergoing transnasal endoscopic C1-2 surgery at Stanford University Hospital and Clinics from 2008 to 2013. All surgeries were performed by J. V. N. and S. A. M. We analyzed intraoperative navigation data, imaging completed during the surgeries, patient information, and outcomes. Sources of data were intraoperative records, StealthStation S7 (Medtronic) data, as well as electronic medical records, including inpatient and clinic encounters.
Surgical Technique
Endoscopic transnasal C1-2 surgery has been described elsewhere by the senior author 27 but is briefly reviewed here (Fig. 1) . Patients are positioned in a Mayfield head holder, and somatosensory evoked potential neuromonitoring is employed. Registration of intraoperative navigation is then performed, which in our series was used universally, with intraoperative CT scanning used in select cases. Preoperative antibiotics are administered before the start of each case. The procedure is performed by an otolaryngologist and a neurosurgeon working in tandem. An endoscope, suction, and irrigation typically enter via the right nostril while the dissecting instruments for skull base surgery, extended-length telescoping drill bits, ultrasonic aspirators, and extended-length flexible and rigid navigation probes enter via the left nostril. An inferior septectomy is performed, removing 2 cm of vomer bone at its junction with the hard palate. We do not routinely perform sphenoidotomies but rather use the highest point of the posterior slope of the clivus, or the clivus-nasal septum junction, as the superior limits of the dissection. At this point, we note critical anatomical landmarks, namely, the clivus-septum junction superiorly, eustachian tubes laterally, and nasal floor/soft palate inferiorly as marked by the hard and soft palate. The navigation probe is used to identify midline and superoinferior limits of the exposure. Monopolar electrocautery is then used to resect the nasopharyngeal mucosa with longus colli musculature. Additionally, soft tissue is removed using a microdebrider or ultrasonic aspirator to expose the body and arch of C-1 and C-2. A 3-to 4-mm diamond drill bit along with Kerrison rongeurs is used to remove the anterior arch of C-1. This exposes the C-2 body/dens, which is then drilled at its base to resect the tip and body of the dens from the remaining vertebral ring. Dens removal is typically challenging due to adhesion to the dural lining and osteitis in the setting of disease. The dens may be adherent to the adjacent brainstem dura with admixed fibroconnective soft tissue, such as in rheumatoid pannus, and a CSF leak may be encountered at this stage. In some cases piecemeal removal of the dens may be required. Brainstem decompression is achieved once a wide field of dural pulsations is established. The reconstruction is completed with the layered placement of Gelfoam, fibrin sealant, and bioabsorbable packing material. If a CSF leak is encountered in this distant site, the multilayered closure may also include dural graft substitutes, abdominal fat, and a variety of pedicled regional flaps to reconstruct the defect. A lumbar drain is often placed in the latter situations for 2-3 days to divert CSF.
Intraoperative Navigation and Imaging Protocol
All patients undergoing extended skull base C1-2 surgeries complete a single thin-slice sinus and nasopharynx CT scan to delineate bone anatomy such as the hard palate, sphenoid sinus, clivus, and atlantoaxial space (Fig.  2) . This high-resolution CT study is completed just prior to the surgery, but after posterior fusion has been performed to account for subtle alterations following plate fixation. Images are then "pushed" from the PACS system to the image-guidance system of interest, or loaded using a CD-ROM or USB external drive. A stereotactic MR image of the brain extending to the upper cervical spine is also completed. Depending on the scenario, a CT angiogram with thin slices (0.625 cm) can be performed after occipitocervical fusion to delineate skull base vascular anatomy (primarily the vertebral basilar and carotid arteries) that also may undergo small subtle changes in its bone relationships following posterior fusion.
To maintain the most accurate fixed point throughout a lengthy surgery such as this, a temporary skull reference post can be placed for use with both electromagnetic and line-of-sight image guidance systems. Once the patient is intubated and positioned in the Mayfield holder (varies depending on surgeon preference), a scalp incision is made to place a bone post in the post shown. A 2-cm incision is made in the scalp and dissected to the calvaria, the pericranium is cleared completely, and the image guidance post is secured into the bone with self-tapping screws. Once linked with the selected image guidance platform, the post serves as a fixed landmark for the patient that is detected by the navigation system. Patient facial surface landmarks are then used to register to the preexisting soft-tissue landmarks on the 3D volumetric CT reconstruction performed by the given software platform. On many platforms, the stereotactic registered CT scan can be merged with the stereotactic MR image to allow overlapping views of the bone and soft-tissue algorithms from these studies. This technological advancement allows the surgery team to alternate between CT and MRI views exclusively, or hybrid CT/MRI views, to more confidently advance the surgery for challenging skull base sites.
At Stanford, the CereTom intraoperative CT scanner (Neurologica Corporation) is brought into the surgical field in select cases and positioned around the patient's head while the patient is intubated. All intraoperative scanner devices use appropriately sized head holders that allow easy positioning of the intraoperative scanner during any part of the resection. Appropriate radiation precautions need to be enforced during the performance of the CT scan and images can be rapidly reconstructed to assess the extent of skull base bone resection.
Results
A total of 5 patients underwent transnasal endoscopic C1-2 surgery with spinal navigation (Table 1) . One patient was male and 4 were female, and the age range was 55-87 years (mean 67 years). Of these 5 patients, 4 underwent resection of C1-2 while 1 patient underwent biopsy only. The underlying cause of C-2 disease was osteomyelitis (2 patients), rheumatoid arthritis (2 patients), and metastatic breast cancer (1 patient). All patients undergoing C1-2 resection underwent a 2-stage surgery with a primary occipitocervical fusion, followed by endoscopic endonasal odontoidectomy during the second stage. The time period between stages varied from 3 days to 10 weeks based on individual patient parameters. Stereotactic navigation with Stealth S7 or Fusion (Medtronic) platforms was used in all cases. Navigation accuracy, characterized as target registration error, ranged between 0.8 mm and 2 mm (mean 1.2 mm). Intraoperative imaging using the CereTom CT scanner was completed in 2 patients. All patients underwent successful brainstem decompression with odontoid resection (4 patients) or biopsy (1 patient), and no intraoperative complications were encountered. All patients were extubated within 24 hours after surgery and were able to swallow independently with good oral intake within 48 hours after surgery. No postoperative CSF leakage or arterial injury was encountered; 1 patient developed mild postoperative velopalatal insufficiency that improved by the 6-month follow-up evaluation. There were no deaths in this series and none of the patients required a tracheostomy. The average inpatient stay after surgery varied between 72 and 96 hours.
Illustrated Cases
Case 1
A 55-year-old man with a history of diabetes, hypertension, and intravenous drug abuse presented with 2 months of progressive headache and neck pain, along with difficulty walking, intermittent fevers, and fatigue. He was found to have elevated acute phase reactants and had a history of remote anterior cervical surgery in the past. A clinical examination revealed normal strength in the upper and lower extremities with evidence of hyperre-flexia. An MR image of the brain and cervical spine was completed showing soft tissue enhancement and phlegmon formation at C1-2 with evidence of basilar invagination and brainstem compression ( Fig. 3A and B) . The patient was started on broad-spectrum antibiotics, and given the instability and impending brainstem compression, decompression and stabilization at the craniocervical junction were advocated. An occiput-C5 fusion was performed at the first stage and was well tolerated. Locally harvested autograft was augmented with morcellized allograft and placed along the instrumentation construct.
Four days later, second-stage endoscopic endonasal C1-2 decompression was performed with resection of the dens infected by osteomyelitis. The dens was particularly challenging to resect in this case given its slightly inferior position in relation to an imaginary line extending posteriorly from the hard palate (Fig. 3C) . However, given the patient's thick tongue and dense soft palate, we believed that the transnasal approach was the better option for this patient and did not displace or dissect any normal oral, lip, or palatal structures. We achieved 0.8-mm accuracy using Stealth navigation, which allowed us to safely resect the odontoid and associated exuberant inflammatory soft tissue. An intraoperative CereTom CT scan was completed that confirmed complete resection of the odontoid with appropriate brainstem decompression (Fig. 3D) . A small intraoperative CSF leak was noted, and thus skull base reconstruction was completed with layered abdominal fat graft, Tisseel fibrin sealant (Baxter Healthcare Corp.), and Gelfoam (Pharmacia). The patient was kept intubated postoperatively and taken to the intensive care unit, where he was extubated uneventfully the next day. He could swallow liquids on the second postoperative day, and a 48-hour CSF diversion was completed and the lumbar drain was removed after a successful clamping trial. On the fourth postoperative day, the patient was discharged home at his baseline neurological level (Fig. 3E) .
Case 5
An 87-year-old woman with a long-standing history of rheumatoid arthritis presented to the hospital after a fall at home with features of spasticity and neck pain on examination. Magnetic resonance imaging of the cervical spine revealed a large C-2 pannus causing basilar impression, severe cervicomedullary compression, and signal change in the spinal cord (Fig. 4A) . Due to concern for severe cord compression, the patient underwent a 2-stage procedure. During the first stage an occiput-C3 fusion was completed using both allograft and autograft bone. The patient tolerated the procedure well and an endoscopic transnasal resection of the odontoid was completed 3 days later. We used stealth navigation with fixed skull post placement and achieved 1-mm accuracy. An uneventful resection of the anterior arch of C-1 was com- pleted and partial C-2 corpectomy with removal of an associated rheumatoid pannus was completed. An intraoperative CereTom CT scan demonstrated complete resection of the C-1 anterior arch and C-2 dens, and confirmed adequate decompression of the brainstem (Fig. 4B and  C) . The patient was extubated within 24 hours of the procedure and tolerated a clear liquid diet at 24 hours after the procedure. She complained of mild swallowing difficulty after the procedure, which was diagnosed as mild velopharyngeal insufficiency after endoscopy. No lumbar drainage was used and she was discharged to a rehabilitation facility on the third postoperative day (Fig. 4D) .
Discussion
Cranial neurosurgical procedures were the first to use stereotactic navigation as early as the 1940s using a frame-based device described by Spiegel and Wycis. 29 The presence of a cumbersome frame to the patient's head proved to be an impediment to surgical access. This led to the development of frameless stereotactic navigation in the 1970s with early work from Roberts et al. that allowed its incorporation into the surgical microscope.
31
Initially, frameless stereotactic navigation was used only for superficial lesions, but improvements in CT and MRI technologies improved its accuracy to 2-4 mm. Stereotactic navigation during spine surgery was fraught with inaccuracies due to the lack of stable superficial bone landmarks. Roessler et al. attained a mean application accuracy of 11.3 mm in the early use of frameless stereotactic navigation for spine surgery.
32 Intraoperative Carm radiographs are the most common tool used by spine surgeons for assessing anatomy and instrumentation. The development of stereotactic navigation was encouraged as way to reduce radiation exposure during spine surgery. The ISG wand (ISG technologies) was the earliest commercially available stereotactic navigation probe, which was adopted early for surgery around the craniocervical junction.
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Given the small operative corridor, the surgeon's distance from the operative site, and the distorted anatomy from disease at the craniocervical junction, the benefits of accurate intraoperative image guidance of direct feedback to the surgeon are immediately realized. Pollack et al. reported the first use of stereotactic navigation for anterior cervicomedullary decompression in which the ISG wand system was used for CT-guided navigation. 30 The same year, Dyer et al. published their experience with the ISG wand for a transmaxillary odontoidectomy in a patient who could not tolerate a transoral procedure. They used Allegro image processing software, which allowed reconstruction on acquired images in 3D planes.
Transoral odontoidectomy is still considered the gold standard approach to the cervicomedullary junction. It was first described in the 1930s in dog experiments and subsequently described in multiple reports. 16 Crockard was the first to describe the present-day transoral approach to the upper cervical spine. 7 Spetzler and colleagues devised the retractor system used for the transoral approach and described their experience in 29 patients, with only 3% morbidity and no mortality. 36 In a similar series of 53 patients, Hadley et al. performed a transoral odontoidectomy in which no deaths and a morbidity rate of 6% occurred. They used microscopy and intraoperative radiographs with a marking instrument in the field or contrast material to assess the depth of exposure.
17 Dickman and colleagues are further credited with studying the biomechanical effects of transoral odontoidectomy and underscoring the importance of additional spinal stabilization. 10 Transoral exposure has since been used for multiple occipitocervical pathologies including basilar invagination, rheumatoid disease, fractures, tumor, and odontoid disease. Frempong-Boadu et al. described an endoscopic-assisted transoral approach to the craniovertebral junction in their series of 7 patients and established that this approach improved visualization with a lesser need for palatal splitting and maxillotomy.
13 While endoscopes improve visualization, use of a transoral approach requires awareness of important considerations. These considerations include difficulty with surgeon access to the skull base given patient dentition, velopharyngeal insufficiency with hypernasal speech, meningitis from bacterial flora in the oral cavity, upper airway/pharyngeal swelling requiring prolonged intubation, dysphagia, and dental and palatal injury. 27 Additionally, a transoral approach may require extended nasogastric tube feeding to allow oropharynx healing, thus resulting in a longer recovery. The transoral route is difficult to accomplish in patients with micrognathia.
23
The transcervical approach with a combination of tu- bular retraction, frameless stereotaxy, and endoscopy has been successfully used for odontoid resection. 20, 40 An extraoral prevascular approach can provide an even wider angle of approach to the periclival and subaxial area in comparison with the transoral approach, as described by Agrawal et al. in a cadaveric study.
1 The sublabial route with palatal resection is another approach for anterior brainstem decompression and can provide a wide operative corridor, especially in patients with distorted anatomy. 5 Alfieri et al. described a "trans-nasal" endoscopic approach to the craniocervical junction in a cadaveric model and identified C-2 as the caudal limit of exposure.
2, 26 Kassam et al. then described the first case of an endoscopic endonasal odontoid resection in a 73-year-old woman with rheumatoid arthritis. 22 Nayak et al. further corroborated these data in the largest published series of endoscopic endonasal odontoidectomies in patients with rheumatoid arthritis from the same center. 27 This early experience demonstrated limited morbidity compared with transoral approaches; 2 patients required a tracheostomy due to preoperative pharyngeal dysfunction, and no postoperative CSF leaks or infections occurred. No vascular injuries or procedural deaths were encountered. A concern with transnasal approaches is the anatomical risk of injury to the eustachian tubes, carotid artery, and vidian nerve, which are avoided in transoral routes. These theoretical concerns about neurovascular injury have not been observed in any of the reported transnasal endoscopic odontoid approaches available in the literature 6,14,15,18,22-24,27,34,41,42 ( Table 2) . Understanding anatomical relationships is crucial with an endonasal approach; hence, the importance of superior endoscopic visualization and intraoperative image guidance. Of 25 reported cases of endonasal endoscopic odontoid resection thus far, only 1 had a postoperative CSF leak, and no infections were encountered. 42 In 1 series, a single death was reported in which the patient died later from pulmonary embolus.
27
A current limitation of endoscopic skull base surgery is 2D representation of a complex 3D space, which frequently results in spherical aberrations with "fish bowl" effects. Even though endoscopy allows excellent illuminated visualization, one may lose a sense of depth with endoscopic procedures. Intraoperative navigation complements endoscopic technology well and provides a solution to the intrinsic limitation of spinal/endonasal endoscopy. The image guidance systems for craniocervical surgery employ electromagnetic or optical tracking systems. The Medtronic StealthStation and Fusion systems are the two portals available from Medtronic. In the Fusion image-guided system, an electromagnetic field generator is placed in close proximity to the patient (Fig. 2) while a skull post attached at the start of the case maintains navigation accuracy despite head movement during surgery. A similar setup can be used with the optical tracking system in which a mobile navigation arm recognizes a fixed reference point on the patient or a nearby reference array, as well as reflective spheres to maintain accuracy during surgery. In some cases a post with navigated spheres can be screwed onto the skull before the start of the surgery. We have found the electromagnetic tracking system to have accuracy between 0.8 mm and 2 mm during surgery without necessarily requiring the patient's head to be in a halo or Mayfield holder. The BrainLab VectorVision Neuronavigation system has a similar portal for optical tracking and has the advantages of allowing the surgeon to register the end of the endoscope, suction tips, and micro instruments. Ugur et al. used this system for image guidance in their 2 cases of transoral treatment of basilar invagination. 37 This system can assist with sequential and updated image guidance without the need to switch to a navigation probe. The Iso-C navigation system, in conjunction with BrainLab image guidance, can allow stereotactic navigation as well as fluoroscopic 3D reconstructions for intraoperative imaging to confirm the extent of resection. Its utility was demonstrated by Laufer 23 Image guidance is equally important in transoral approaches to the cervical spine, where it can provide accuracy with reduced radiation exposure. 37, 38 We have found the combined use of CT and MR technology to be extremely useful for odontoid surgery. This combination allows excellent visualization of bone landmarks as well as soft tissue during endoscopic surgery. A thin-slice CT angiogram (0.625 cm/slice) may also be used in combination with the merge application to allow better vascular detail. This angiogram is critical for avoiding the carotid arteries, which are present just anterior and lateral to the C-1 arch and vertebral arteries and which could be as much as 1.1 cm from the midline at the level of C-1. Leng et al. described the utility of using a preoperative CT angiogram uploaded to the BrainLab system to allow intraoperative identification of vascular anatomy. 24 Neo et al. described a case in which a CT angiography-MRI merge with navigation was found to be useful during resection of a skull base chordoma that encased the vertebral artery. 28 Performance of intraoperative imaging during odontoid surgery can be useful in identifying the extent of bone resection and spinal decompression achieved to that point in the surgery. The endoscopic view can often be disorienting and a suboptimal decompression may result if no intraoperative imaging is attempted. Traditionally, radiographs were obtained to document the extent of bone removal, but soft-tissue discrimination is not present and hence it may not definitely show the extent of decompression. A number of portable CT scanners such as CereTom, Tomoscan (Philips), xCAT (Xoran), and OTOscan (Neurologica) are available that provide images of diagnostic quality and can be accommodated in the operating room setting. 33 We used a CereTom CT scanner in 2 cases in our series after the majority of resection had been completed to assess if further bone or soft-tissue decompression was required. Difficulty may be encountered in accommodating the patient's head in the scanner gantry if the head is in a Mayfield clamp, in addition to scatter artifact from metal pin placement. We therefore found that the electromagnetic navigation system with a custom headrest was an ideal solution for completing multiple scans during resection without altering navigational accuracy. There are reports on using intraoperative MRI for resection of a cervicomedullary lesion. Kaibara et al. used intraoperative MRI in 3 patients with cervicomedullary lesions using a transoral approach. 21 Later work by Dhaliwal et al. demonstrated intraoperative MRI to be useful for determining the adequacy of resection, confirming regional anatomy, and determining lesion borders. 9 The critical role of intraoperative imaging is especially realized if navigation fails or confers suboptimal accuracy. Hickman et al. reported the first case of a pediatric transnasal odontoidectomy requiring a reoperation. An incomplete resection was noted on a postoperative CT scan, but not intraoperatively due to the loss of stereotactic navigation accuracy secondary to loosened Mayfield pins. 19 Posterior stabilization is critical in patients undergoing odontoid resection, and we performed an occipitocervical fusion in all of our patients as the first stage operation. No fusion was performed in 1 patient who underwent a transnasal biopsy without extended resection. A critical component of navigation accuracy at the craniovertebral junction is absence of movement at the occipitocervical and atlantoaxial joints. This movement can be mostly eliminated by Mayfield fixation, but having completed a prior occipitocervical fusion ensures absence of these movements. 28 Cervical fusion therefore allows improved accuracy during endonasal odontoid resection as the upper cervical spine becomes stabilized with the skull base. The sequence of these surgeries is critical and best serves the surgeon in terms of operative ease, accuracy, patient comfort, and improved reduction of craniovertebral deformity. Transoral surgery, however, requires a flexed head position, and thus most patients cannot undergo posterior fusion as the first-stage operation as it would preclude appropriate positioning for the transoral procedure.
The placement of a registration frame is a known issue with craniocervical navigation systems. The reference arc tends to move during surgery and could be problematic. Similarly, fiducial skin markers on the head may be lost with skin shifts during positioning. Occlusal custom-made splints placed into the teeth have been used as fixed reference points by some centers during transoral navigated approaches. 39 We prefer the use of boneintegrated reference posts screwed into the calvaria with self-tapping screws. This setup, in conjunction with our image-guided navigation system, does not require a reference arc and maintains accuracy with slight movements of the head as long as it is placed within the magnetic field or line of sight. 4, 35 There are few risks with use of the skull post, but they include CSF leakage if the screws are placed over thin calvaria, unsightly scar formation if placed outside of the hairline, and hair follicle loss.
The transnasal craniocervical approach has some inherent limitations. The hard palate restricts access to the subaxial spine, and approaching lesions below C-2 is nearly impossible. 19 Feasibility of the transnasal C-2 approach is determined by the palatine line, which is "drawn along the floor of the nasal cavity extending from the premaxilla parallel to the hard palate through the craniocervical junction." 12 The palatine line and the nasopalatine line help define the inferior limit of the endonasal approach in this small operative corridor. 8, 12 Craniocervical anatomy can be variable, and patients with platybasia usually have surgical targets above the palatine line. Conversely, a combination of transoral, sublabial, or transcervical approaches may be used in patients with pathologies below the palatine line.
5
This report represents the second largest series of the transnasal endoscopic spinal approach to the craniocervical junction and the only report with 2 cases of cervicomedullary compression from skull base osteomyelitis. We attempt in this paper to highlight the challenges and share our experience with navigation and intraoperative imaging with transnasal spinal approaches at our center.
Conclusions
A transnasal endoscopic approach to the C1-2 area is a safe and effective strategy to address craniocervical pathology. It is most effective when used in conjunction with intraoperative frameless electromagnetic stereotactic navigation and, for most cases, should be preceded by occipitocervical stabilization. With intraoperative CT scanning and MRI, the surgeon can determine with confidence the extent of resection and minimize the need for repeat surgeries for incomplete skull base decompression. Moreover, patients are extubated faster and tolerate an oral diet earlier compared with traditional transoral approaches. An understanding of nasopharyngeal and neurovascular anatomy in this region of the skull base is crucial, and a team approach between experienced rhinologists and spine surgeons comfortable with endoscopic skull base techniques is essential for successful outcomes.
